Omentin-1, a novel adipocytokine expressed in visceral fat tissue, is negatively correlated with obesity, insulin resistance, and stable coronary artery disease (CAD). However, there have been no previous reports regarding the effects of omentin-1 on atherogenesis.
Introduction
Metabolic syndrome with visceral fat accumulation is a major risk factor for atherosclerotic cardiovascular disease. 1 Adipose tissue produces a number of adipocytokines, such as leptin and adiponectin, which play crucial roles in modulating atherogenesis. 1 Atherosclerosis is a pathological injury-to-response process that is initiated by early inflammatory responses with up-regulations of intercellular adhesion molecule-1 (ICAM-1), vascular adhesion molecule-1 (VCAM-1), and cyclooxygenase-2 (COX-2) in endothelial cells (ECs) and monocyte adhesion and infiltration into neointima lesions, followed by fatty streak formation with subendothelial accumulation of lipid-laden macrophage foam cells. 2 Foam cell formation is characterized by cholesterol ester (CE) accumulation that depends on the balance between the uptake of oxidized low-density lipoprotein (oxLDL) via scavenger receptors, such as CD36, scavenger receptor class A (SR-A), and lectin-like † Presented in part at the American Heart Association's Scientific Sessions 2015, Orland, FL, USA, 7-11 November 2015.
oxLDL receptor-1 (LOX-1), and the efflux of free cholesterol (FC) controlled by ATP-binding cassette transporter A1 (ABCA1). 3 Intracellular CE accumulation is also regulated by the balance between cholesterol esterification by acyl-CoA:cholesterol acyltransferase-1 (ACAT-1) and hydrolysis by neutral cholesteryl ester hydrolase (NCEH). 4 Macrophage phenotype characterized as pro-inflammatory (M1) or anti-inflammatory (M2) has been recently focused on foam cell formation and atherosclerosis. 5 In addition, vascular smooth muscle cells (VSMCs) contribute to progression of atherosclerotic plaque by their migration, proliferation, and production of extracellular matrix (ECM) components, such as collagen, matrix metalloproteinases (MMPs), fibronectin, and elastin. 4 Omentin-1, also named intelectin-1, is a newly identified adipocytokine of 313 amino acids originally identified in an omental fat cDNA library. 6, 7 Human omentin-1 and mouse omentin-1 are .84.9%
identical. 7 The receptors for omentin-1 are still not elucidated. Several lines of experimental and clinical evidence have shown that omentin-1 stimulates insulin-mediated glucose uptake in human adipocytes, and is negatively correlated with obesity, insulin resistance, diabetes, metabolic syndrome, and stable coronary artery disease (CAD). 8 -13 Omentin-1 induces vasodilation in rat isolated blood vessels by increasing endothelial nitric oxide synthase, stimulates ischaemia-induced revascularization, and prevents myocardial ischaemic injury-and arterial injury-induced neointimal formation in mice. 14 -17 Omentin-1 inhibits tumour necrosis factor-a (TNF-a)-induced expression of ICAM-1, VCAM-1, and COX-2 in human umbilical vein endothelial cells (HUVECs) and adhesion of monocytes to HUVECs. 18, 19 In addition, omentin-1 has also been shown to inhibit TNF-a-induced VCAM-1 expression, platelet-derived growth factor-BB (PDGF-BB)-induced migration, superoxide production, and calcification in VSMCs. 20 -22 However, there have been no previous reports regarding the effects of omentin-1 on atherogenesis.
In the present study, we evaluated the suppressive effects of omentin-1 on inflammatory response and foam cell formation in macrophages, VSMC migration and proliferation, and ECM production by VSMCs in vitro, and the development of aortic atherosclerotic lesions in Apoe 2/2 mice in vivo. Further, the levels of omentin-1 expression in the circulating blood, coronary atherosclerotic lesions, and epicardial adipose tissues were compared between CAD and non-CAD patients.
Methods

Human blood and coronary atherosclerotic lesion samples
This study was conducted according to the principles of the Declaration of Helsinki and approved by the Ethics Committee of Showa University and Tokyo University of Pharmacy and Life Sciences. Informed consent was obtained from all participants prior to enrolment. Blood was collected from 69 male patients with acute coronary syndrome (ACS) hospitalized at Showa University Hospital for emergent coronary catheterization (aged 40 -96), 21 male hypertensive patients (aged 36 -78) as non-CAD patients, and 21 male healthy volunteers (aged 22 -59). The prevalence rate of obesity, diabetes, hypertension, or dyslipidemia and the main medications are listed in Table 1 . Plasma omentin-1 concentration was measured by enzyme-linked immunosorbent assay (human omentin-1 ELISA kit, Aviscera Bioscience, Santa Clara, CA, USA). Paraffin-embedded tissue archive collections of the National Cerebral and Cardiovascular Center from human coronary arteries, epicardial adipose tissues, and the greater omentum obtained from seven male patients with acute and prior myocardial infarction (aged 62-87) and five male patients with dilated cardiomyopathy (aged 19-46) as non-CAD patients at autopsy were used for immunohistochemistry. Paraffin blocks of the coronary arteries with epicardial fat from CAD and non-CAD patients were used after fixation in buffered 10% formalin solution. The 3-4 mm sections were serially cut and stained with haematoxylin -eosin and Elastica Van Gieson. Immunohistochemistry was performed on deparaffinized glass slides by the automated immunostainer BOND-III-TM (Leica Biosystems, Newcastle, UK). We used a mouse monoclonal antibodies against human macrophages (CD68; DAKO, Tokyo, Japan) or a-smooth muscle actin (a-SMA; DAKO) and rabbit polyclonal antibodies against human von Willebrand factor (vWF; DAKO) or human omentin-1 (LifeSpan BioSciences, Seattle, WA, USA) as a primary antibody. The detection kit as a secondary antibody was the Bond Polymer Refine Detection (DS9800, Leica Biosystems); it involved incubation with post primary for 8 min, polymer for 8 min, diaminobenzidine for 10 min, and haematoxylin for 5 min. Masson's Trichrome staining for collagen fibres was also performed.
Human monocyte primary culture
This investigation was approved by the Ethics Committee of Tokyo University of Pharmacy and Life Sciences. Informed consent was obtained from all participants. Human peripheral mononuclear cells were isolated from the blood of 24 healthy volunteers (aged 20 -24) . Monocytes purified using anti-CD14 antibody-conjugated magnetic microbeads (Miltenyi Biotec, Auburn, CA, USA) were seeded onto 3.5 cm dishes (1 × 10 6 cells/1 mL/dish) for cholesterol esterification assay and immunoblotting analysis. 4,23 -25 Cells were incubated at 378C in 5% CO 2 for 7 days in RPMI-1640 medium supplemented with 10% human serum, 0.05 mg/mL streptomycin, 50 U/mL penicillin, and the indicated concentrations of human omentin-1 (Aviscera Bioscience). The medium in each dish was replaced with fresh medium containing omentin-1 every 3.5 days.
Cholesterol esterification assay
Human macrophages differentiated by 7-day culture as described above were incubated for 19 h with the same concentrations of omentin-1 along with 50 mg/mL human oxLDL and 0. 
Proliferation assay
HASMCs at passage 7 or 8 were seeded onto 96-well plates (1 × 10 4 cells/ 100 ml/well) and incubated for 24 h in the same 5% FBS-SmBM supplemented with the indicated concentrations of PDGF-BB (Wako, Osaka, Japan). HASMCs were further incubated for 48 h with the indicated concentrations of PDGF-BB and/or omentin-1 with renewal of each medium. Then, 10 mL of WST-8 solution (Cell Count Reagent SF; Nacalai Tesque, Kyoto, Japan) was added to each well. 4, 25 After 1 h of incubation, the amount of formazan product was determined by measuring the absorbance at 450 nm using a Sunrise Remote R TM -microplate reader (Tecan, Kawasaki, Japan).
4,25
Immunoblotting analysis
Equal amounts of protein lysates from human macrophages and HASMCs were separated by 10% SDS -PAGE and subjected to immunoblotting with specific antibodies to human omentin-1, MRC1 (LifeSpan BioSciences), Proteins were visualized by enhanced chemiluminescence western blotting detection reagents (GE Healthcare, Amersham, UK). The densities of the bands were measured using a Densitograph System (Ez-Capture II and CS Analyzer 3.0, ATTO Corp., Tokyo, Japan).
Animal experiments
Animal experiments were performed in accordance with the National Institutes of Health Guidelines for the Care and Use of Laboratory Animals and were approved by the Institutional Animal Care and Use Committee of Tokyo University of Pharmacy and Life Sciences. A total of 46 male spontaneously hyperlipidaemic Apoe 2/ 2 mice (C57BL/6.KOR/StmSlcApoe shl mice) at the age of 9 weeks were purchased from Japan SLC Inc.
(Hamamatsu, Japan) and maintained on a normal diet until the age of 13 weeks. Then, a high-cholesterol diet (Oriental Yeast, Tokyo, Japan) was started. 4, 25 At 17 weeks of age, 10 Apoe 2/2 mice were sacrificed under deep ether anaesthesia before infusion, and the remaining 36 Apoe 2/2 mice were infused with omentin-1 (Aviscera Bioscience) at doses of 0, 2.5, and 5 mg/ kg/h for 4 weeks using osmotic mini-pumps (Alzet Model 1002; Durect, Cupertino, CA, USA). 4, 25 The doses of omentin-1 were decided on the basis of previous studies. 16, 27, 28 Once every 2 weeks, the mini-pumps were implanted subcutaneously into the dorsum under anaesthesia with sodium pentobarbital [74 mg/kg, intraperitoneally (ip)].
Body weight and blood pressure were measured before and after 4-week infusion. Food intake was measured daily for 2 weeks prior to the experimental endpoint. Systolic and diastolic blood pressures were measured using the indirect tail-cuff method (Kent Scientific, Torrington, CT, USA). Four days before the endpoint of infusion, mice were ip injected with 2 mL of aged-autoclaved thioglycolate broth to obtain exudate peritoneal macrophages, which is thought to mimic arterial macrophages present in atheroma areas. 4, 29 Exudate peritoneal macrophages are widely accepted to use in the assessment of mouse atherosclerosis. 4, 29 At the experimental endpoint, exudate peritoneal cells were sampled by needle aspiration from the Apoe 2/2 mice under deep ether anaesthesia followed by euthanasia by exsanguination (total blood collection). 4, 24, 25, 29 Immediately, the whole aorta was washed by perfusion with phosphate buffered saline (PBS) and fixed with 4% formaldehyde. 4, 29 The aorta was excised from the aortic root to the abdominal area and the connective and adipose tissues were carefully removed.
Mouse atherosclerotic lesion assessment
The entire aorta and cross sections of the aortic sinus were stained with oil red O for assessment of atherosclerotic lesions. 4, 24, 25, 29 The immunohistochemical expression of omentin-1 was detected by anti-human omentin-1 antibody (LifeSpan BioSciences). Monocytes/macrophages and VSMCs in the aortic atherosclerotic lesions were visualized by immunostaining with antibodies against MOMA-2 (Millipore, Billerica, MA, USA) or a-SMA (Sigma), respectively. 4 Collagen fibres were stained blue with Masson's Trichrome. These areas of the aortic wall were traced by an investigator blind to the treatment and measured using image analysis software (Adobe Photoshop, San Jose, CA; NIH ImageJ, Bethesda, MD, USA).
Mouse exudate peritoneal macrophage assessment
Exudate peritoneal cells obtained were immediately suspended in RPMI-1640 medium supplemented with 10% FBS, 0.05 mg/mL streptomycin, and 50 U/mL penicillin, and seeded onto 6 cm dishes (4 × 10 6 cells/ 2 mL/dish). After a 1 h incubation at 378C in 5% CO 2 to allow adhesion, the medium was discarded to remove non-adherent cells. 4, 29 Adherent macrophages were immediately harvested after washing the dishes with PBS twice for immunoblotting with specific antibodies to human omentin-1 (LifeSpan BioSciences), C-reactive protein, MARCO (Bioss), arginase-1 (GeneTex), PPAR-g (Signalway Antibody), apoptosis-associated speck-like protein containing a caspase recruitment domain (ASC; Millipore), NF-kB (Abcam), COX-2 (Cayman Chemical, Ann Arbor, MI, USA), ERK-1/2 (Stress Marq Biosciences), AKT (Bioworld Technology), or b-actin (Sigma).
Mouse blood sample measurement
Blood samples collected in tubes with heparin were centrifuged at 1000 g for 10 min. Fasting plasma glucose, total cholesterol, and high-density lipoprotein (HDL) cholesterol concentrations were measured by enzymatic methods (Denka Seiken, Tokyo, Japan) and a precipitation method (Wako). 4, 25, 29 Plasma omentin-1 concentration was measured using the ELISA kit (Aviscera Bioscience).
Statistical analysis
Results are expressed as means + SEM for continuous data and as frequencies for categorical data. The continuous data were compared by the twotailed unpaired Student's t-test between two groups, and by one-way and two-way ANOVA followed by Bonferroni's post hoc test for one independent variable and two independent variables, respectively, when three or more groups were involved. The x 2 test was used to compare the categorical data. Statistical analyses were performed using Statview-J 5.0 (SAS Institute, Cary, NC, USA) and SPSS 22.0 (SPSS Inc., Chicago, IL, USA). P values ,0.05 were taken to indicate significant differences.
Results
Expression of omentin-1 in human normal vascular cells in vitro
Expression of omentin-1 was observed at appreciable levels in vascular cells in addition to 3T3-L1 adipocytes that showed high levels of expression ( Figure 1A) . Listed in order of expression level, omentin-1 was expressed in HUVECs/human macrophages, HASMCs/human coronary artery smooth muscle cells (HCASMC; Lonza), and human monocytes ( Figure 1A ).
Effects of omentin-1 on human VSMC migration and proliferation
Our results and those of another group reported previously indicated that omentin-1 itself had no significant effects on migration or proliferation of VSMCs. 20 Therefore, we assessed the effects of omentin-1 on AngII-induced migration and PDGF-BB-induced proliferation of
HASMCs. AngII (500 nmol/L) significantly increased the migration of HASMCs (P , 0.0001; Figure 1B) . Omentin-1 (200 ng/mL) significantly suppressed the AngII-induced migration of HASMCs (P , 0.0001; Figure 1B ). PDGF-BB (10 ng/mL) significantly increased the proliferation of HASMCs (P , 0.01; Figure 1C ). Omentin-1 (200 ng/mL) significantly suppressed the PDGF-BB-induced proliferation of HASMCs (P , 0.05; Figure 1C ). Omentin-1 (200 ng/mL) time-dependently suppressed both contractile and synthetic phenotypes (a-SMA and SMemb) with downregulation of PI3K, c-Src, Raf-1, ERK-1/2, and NF-kB, but not AKT and a-tubulin, in HASMCs ( Figure 1D ).
3.3 Effects of omentin-1 on phenotype in human monocyte/macrophage differentiation After 3-6 days of primary culture, the differentiation of human monocytes into macrophages was confirmed by increased expression of CD68, a macrophage differentiation marker ( Figure 1E ). Omentin-1 did not affect monocytic differentiation into macrophages and ERK-1/2 Omentin-1 counteracts atherogenesis and b-actin expression. However, omentin-1 decreased the expression of MARCO, an M1 marker, and NF-kB, but increased that of MRC1, an M2 marker, and PPAR-g ( Figure 1E ). These observations suggested that omentin-1 shifted the macrophage phenotype overwhelmingly to M2 rather than M1 via PPAR-g up-regulation and NF-kB down-regulation.
Effects of omentin-1 on human macrophage foam cell formation
Omentin-1 significantly suppressed oxLDL-induced foam cell formation by 20% at 10 ng/mL in human monocyte-derived macrophages (P , 0.05; Figure 1E ). Omentin-1 at 500 ng/mL significantly suppressed CD36, SR-A, and ACAT-1 protein expression by 80, 60, and 40%, respectively (all P , 0.05; Figure 2 ). However, omentin-1 significantly increased LOX-1 and NCEH protein expression by 2.6-fold and 2.2-fold, respectively (both P , 0.05; Figure 2 ). Omentin-1 showed no significant effects on ABCA1 protein expression (P ¼ NS; Figure 2 ).
Effects of omentin-1 on ECM expression in human VSMCs
Omentin-1 significantly suppressed collagen-1 and collagen-3 protein expression, but increased that of elastin and fibronectin in HASMCs (P , 0.01, P , 0.05; Figure 3) . However, omentin-1 had no significant effect on MMP-2 or MMP-9 expression in HASMCs (both P ¼ NS; Figure 3 ).
Effects of omentin-1 on atherosclerotic lesion development in Apoe 2/2 mice
In Apoe 2/2 mice, aortic atherosclerotic lesions increased markedly in size by three-fold as well as body weight at 21 weeks of age compared with 17 weeks of age ( Figure 4A , B, E, F, U, and V, Table 2 ). Among the three groups at 21 weeks of age, plasma levels of omentin-1 did not differ significantly contrary to expectations ( Table 2) , but the tissue and cellular expression levels of omentin-1 in the aortic root adventitia, its surrounding myocardium, and exudate peritoneal macrophages were visibly elevated by infusion of omentin-1 ( Figure 5A and C ). The omentin-1-positive areas in the aortic wall were significantly greater in mice infused with 2.5 and 5 mg/kg/h of omentin-1 compared with counterparts ( Figure 5B ). Chronic infusion of omentin-1 at 2.5 and 5 mg/kg/h significantly reduced the surface areas of the atherosclerotic lesions with obvious reductions in monocyte/macrophage infiltration, VSMC contents, and collagen fibres within atheromatous plaques in the aortic root ( Figure 4A-Y ) . Either 2.5 or 5 mg/kg/h or both of omentin-1 significantly reduced the number of exudate peritoneal cells (P , 0.0005; Table 2 ) and suppressed protein expression of MARCO, an M1 marker, ASC, NF-kB, C-reactive protein, COX-2, PI3K, c-Src, Raf-1, and ERK-1/2, but promoted that of arginase-1, a mouse M2 marker, and PPAR-g in macrophages ( Figure 5C ). Omentin-1 did not affect AKT and b-actin expression.
As shown in Table 2 , there were no significant differences in body weight, food intake, systolic and diastolic blood pressures, or plasma HDL cholesterol concentration among the three groups of 21-week-old Apoe 2/2 mice. However, plasma glucose concentration was somewhat decreased in only Apoe 2/2 mice infused with a high dose of omentin-1 (5 mg/kg/h; P ¼ NS). Both doses of omentin-1 significantly lowered plasma total cholesterol concentration (both P , 0.0001).
Expression of omentin-1 in human omentum, epicardial fat, and coronary artery lesions
The immunohistochemical expression of omentin-1 was weaker in the omentum and markedly reduced in epicardial adipose tissues in CAD patients compared with non-CAD patients ( Figure 6A -D) . Omentin-1 was intensely positive in endothelium of coronary arteries in non-CAD patients ( Figure 6F ). In contrast, omentin-1 was weakly positive in endothelium ( Figure 6G) where it was positive by vWF ( Figure 6H ), but intensely positive in atheromatous plaques of CAD patients ( Figure 6G ). Within advanced atherosclerotic plaques of coronary arteries, omentin-1 was positive in monocyte-derived macrophages (foam cells) and medial layer VSMCs, as indicated by consistent areas stained with anti-CD68 and anti-a-SMA antibodies ( Figure 6I -K).
Plasma concentration of omentin-1 in ACS patients
As shown in Table 1 , male ratio, body weight, and body mass index (BMI) did not differ significantly among ACS (CAD) patients, hypertensive (non-CAD) patients, and healthy volunteers. Although there was a significant difference in age among the three groups, Pearson's regression analysis revealed no significant correlation between age and plasma omentin-1 concentration in all the subjects (r ¼ 0.062, P ¼ NS). The ratios of hypertension and AngII receptor blockers (ARBs) use were significantly greater in non-CAD patients compared with others ( Table 2 ). The prevalence of obesity, diabetes, dyslipidemia, and use of anti-diabetic drugs and statins did not differ significantly between non-CAD and CAD patients ( Table 2) . Additionally, there were no significant differences in haemoglobin A1c (5.5 + 0.3 vs. 5.8 + 0.2%, P ¼ NS) and total cholesterol levels (198.8 + 7.3 vs. 183.2 + 5.0 mg/dL, P ¼ NS) between non-CAD and CAD patients. As shown in Figure 6M , plasma omentin-1 concentrations were significantly elevated in CAD patients than non-CAD patients and healthy volunteers (P , 0.005, P , 0.05). Plasma omentin-1 concentration was remarkably Omentin-1 counteracts atherogenesis but not significantly lower in non-CAD patients than healthy volunteers (P ¼ NS).
Discussion
This is the first demonstration that omentin-1 promotes macrophage differentiation into the anti-inflammatory M2 phenotype, and suppresses the inflammatory responses and oxLDL-induced foam cell formation in macrophages, AngII-induced migration and PDGF-BBinduced proliferation of VSMCs, and collagen-1 and -3 expression in VSMCs in vitro, and retards the development of atherosclerotic lesions with reduced monocyte/macrophage infiltration, VSMC contents, and collagen fibres in ApoE 2/2 mice in vivo. Omentin-1 expression is decreased in epicardial adipose tissues and coronary endothelium in patients with CAD. However, omentin-1 is markedly increased in macrophage-derived foam cells and medial layer VSMCs within advanced coronary plaques and the circulating blood in patients with ACS. These findings suggest that omentin-1 may counteract the progression of atherosclerosis. Our translational research combining with human cellular, animal, and clinical experiments is essential to elucidate comprehensively the roles of omentin-1 in atherosclerosis. Omentin-1 is a novel soluble lectin that is preferentially produced by visceral adipose tissue compared with subcutaneous adipose tissue, and is also expressed in epicardial fat and ECs. 6, 7, 30, 31 Omentin-1 is negatively associated with endothelial dysfunction and arterial stiffness and calcification. 32 -34 The results of the present study indicated that omentin-1 increases the expression of elastin and fibronectin in VSMCs, contributing to arterial elasticity. Omentin-1 is inversely associated with the severity of carotid atherosclerotic lesions in patients with metabolic syndrome or hypertension. 35, 36 In our study, plasma omentin-1 levels were reduced in hypertensive non-CAD patients, because they had obesity, diabetes, and dyslipidemia. Omentin-1 is negatively correlated with BMI, insulin resistance, total cholesterol, and haemoglobin A1c and positively correlated with adiponectin and HDL cholesterol concentrations and very low-density lipoprotein (VLDL) size. 9, 12, 37, 38 Circulating omentin-1 level increases after weight loss, aerobic training, and treatment with metformin or the glucagonlike peptide-1 analogue, exanitide, via improved insulin sensitivity. Omentin-1 counteracts atherogenesis
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Epicardial adipose tissues are associated with atherosclerotic lesions in the coronary arteries. 43 Increased adipocyte size, increased levels of inflammatory cytokines, and decreased levels of adiponectin have been reported in patients with CAD. 43, 44 Our study indicated that expression levels of omentin-1 as well as adiponectin (data not shown) are reduced in the epicardial adipose tissues of patients with CAD. Similar to adiponectin, omentin-1 could reach into the coronary artery wall via paracrine and vasocrine secretion from epicardial adipose tissues other than hormonal circulation. 43 However, the reduced production of omentin-1 in epicardial and visceral fat tissues and coronary artery ECs leads to atherosclerotic plaque formation. Therefore, it is possible that omentin-1 expression in macrophages and VSMCs within advanced plaques may increase to react against plaque progression. Serum levels of omentin-1 are transiently increased with the rupture of coronary plaques at the onset of ACS. 45 On the basis of these findings, we speculate that omentin-1 may be not only a negative risk factor for chronic CAD but also a positive acute-phase reactant in ACS for the sake of cardiovascular protection. We discuss the integrity of omentin-1 concentrations in our in vitro and in vivo experiments. First, the concentrations of omentin-1 required for modulation of several responses of human macrophages and HASMCs were relatively high (2.3-to 113-fold) compared with plasma omentin-1 Figure 6 Expression of omentin-1 in human coronary arteriosclerotic lesions, epicardial adipose tissues, and omentum, and its plasma concentration.
Representative cases with non-CAD (A, C, E, and concentrations in humans (4.4 ng/mL). The visceral fat is the main source of circulating omentin-1. 6 Further paracrine and vasocrine secretion of omentin-1 occurs from epicardial fat and coronary arterial cells. Therefore, it is not surprising that local levels of omentin-1 were increased similar to other vasoactive peptides, such as AngII. 46 Secondly, the concentration of omentin-1 in human serum from a healthy volunteer was 1.1 ng/mL in the present cell culture experiments. Therefore, the 10% concentration added to the culture medium for monocytes-macrophages (0.11 ng/mL) was negligible compared with the concentrations of omentin-1 added. Thirdly, the adequate concentrations of omentin-1 differed in inducing VSMC proliferation, ECM production, macrophage foam cell formation, and related protein expression. This is mostly dependent on the difference in cell types and their intracellular signalling pathways. Last, increased plasma concentrations of omentin-1 were not observed in Apoe 2/2 mice infused with human omentin-1 against our expectations. Instead, we demonstrated the increased levels of human omentin-1 expression in the adventitia tissues (including the feeding vessels) of the aorta, heart muscle, and monocytederived macrophages. We speculate that most of the peptide infused might be transferred into the arterial tissues, blood cells, and organs and/or metabolized and excreted from the plasma in Apoe 2/2 mice.
The present study demonstrated the novel effects of omentin-1 on glucose and lipid metabolism and monocytic differentiation towards anti-inflammatory M2 macrophages in vivo and in vitro. According to a previous report, 8 the decrease in plasma glucose concentration may be associated with the improvement of insulin resistance via PPAR-g by chronic omentin-1 infusion into Apoe 2/2 mice. We speculate that omentin-1 may decrease intestinal cholesterol absorption and hepatic VLDL synthesis and assembly, and/or may increase hepatic LDL receptor expression, leading to a decrease in plasma concentration of total cholesterol in vivo. Among human macrophage scavenger receptors, only LOX-1 was expressed at high levels in vitro. LOX-1 may be upregulated for compensatory uptake of oxLDL to avoid intracellular FC deletion as a result of CD36 and SR-A down-regulation in human macrophages. In the same way as adiponectin, omentin-1 shifts human monocytes into alternative anti-inflammatory M2 macrophages associated with PPAR-g up-regulation and NF-kB down-regulation. 47, 48 In conclusion, the present study provided the first evidence that omentin-1 exerts anti-atherogenic effects by lowering plasma total cholesterol levels and by suppressing inflammatory response and foam cell formation in macrophages, and the migration, proliferation, and collagen production by VSMCs. This may open up a new therapeutic window for combating atherosclerosis and related diseases. Thus, omentin-1-based treatments, with this peptide itself and/or its analogues, are expected to emerge as a new line of therapies against CAD.
